IMPORTANCE Cardiac resynchronization therapy (CRT) reduces the risk for mortality and heart failure-related events in select patients. Little is known about the use of CRT in combination with an implantable cardioverter defibrillator (ICD) in patients who are eligible for this therapy in clinical practice. and electrophysiology training (OR, 3.13 as compared with surgery-boarded clinicians; 95% CI, 2.50-3.85). At the hospital level, the overall median risk-standardized rate of CRT-D use was 79.9% (range, 26.7%-100%; median OR, 2.08; 95% CI, 1.99-2.18).
T he addition of cardiac resynchronization therapy (CRT) to an implantable cardioverter defibrillator (ICD) reduces the risk for mortality and heart failure events in select patients. 1, 2 Therefore, it is important to ensure patients who have a guideline recommendation for CRT are considered for this therapy at the time of ICD implantation. To our knowledge, few data are available on the contemporary use of CRT among guideline-eligible patients undergoing ICD implantation and the factors associated with use of this therapy. We analyzed data from the National Cardiovascular Data Registry (NCDR) ICD Registry to describe overall use of CRT among eligible patients undergoing ICD implantation; identify the patient, clinician, and hospital characteristics associated with CRT defibrillator (CRT-D) use; and determine the extent of hospital-level variation in CRT-D use.
Methods

Study Population and Eligibility
We identified 71 662 adult patients at 1428 NCDR ICD Registryparticipating hospitals who met class I or IIa guideline recommendations and underwent primary prevention ICD or CRT-D implantation between April 1, 2010, and June 30, 2014. To reflect changes in guideline recommendations for CRT during the study, we used a time-dependent definition for CRT eligibility (eTable in the Supplement). Patients who underwent device implantation prior to publication of the 2012 Focused Update to the guidelines 3 were included if they met criteria for class I or IIa indication for CRT based on the 2008 guidelines. 4 Patients implanted with a device after publication of the 2012 Focused Update were included if they met criteria for a class I or IIa indication for CRT based on the 2012 Focused Update. Institutional review board approval for this study was waived because data were from a national quality registry.
Implanted Device Type Outcome
The primary outcome was the implantation of an ICD alone or CRT-D device.
Candidate Predictor Variables for Use of CRT-D
We evaluated patient (demographics, insurance type [Medicare and Medicaid were considered as public insurance], comorbid conditions, and QRS morphology), clinician (type of training and ICD implantation volume), and hospital (bed number, teaching status, and cardiac procedural capability) variables associated with CRT-D implantation. The rate of missing data was less than 1% for all variables.
Statistical Analysis
We compared patient, implanting operator, and hospital characteristics by receipt of ICD alone or CRT-D using χ 2 tests for categorical variables and t tests for continuous variables. We then determined the independent association between candidate predictor variables at the patient, implanting operator, and hospital levels with CRT-D use from a hierarchical, hospital-specific random-effect model to account for clustering of patients within hospitals.
At the hospital-level, we determined the proportion of patients receiving CRT-D. Using the method currently endorsed by the Centers for Medicare and Medicaid Services for hospital profiling, we used hierarchical regression to assess hospital-level variation in risk-standardized CRT-D use. First, we calculated the ratio of predicted CRT-D use to expected CRT-D use for each hospital, where predicted CRT-D use was computed as the sum of the predicted probabilities of CRT-D use including that hospital's specific random effect, and expected CRT-D use was computed as the sum of the predicted probabilities excluding the hospital effect, that is, for an "average" other hospital within the cohort. Next, we multiplied each hospital's predicted to expected ratio by the overall study CRT-D use rate and scaled the resulting estimates to fit a range that did not exceed 100% for hospital-level risk-standardized CRT-D use rates.
Results
Of the 71 662 patients eligible for CRT at the time of device implantation, 63 506 (88.6%) received a CRT-D device, with 39 860 (62.8%) meeting a class I indication for CRT and 23 646 (37.2%) meeting a class IIa indication.
Patient, clinician, and hospital characteristics by use of CRT-D vs ICD alone are shown in Table 1 . The association between patient, implanting operator, and hospital characteristics with CRT-D implantation as determined from our hierarchical regression analysis are summarized in Table 2 . Patient factors independently associated with a higher likelihood of CRT-D implantation included increasing age and increasing New York Heart Association class, while patient factors associated with a lower likelihood of CRT-D implantation included black race, nonprivate insurance (including Medicare and Medicaid), atrial fibrillation/flutter, non-left bundle branch block QRS morphology, ischemic heart disease, cerebrovascular disease, diabetes, and current hemodialysis. Clinician factors independently associated with higher rates of CRT-D use included higher device implanting volume and electrophysiology-trained implanting operator. Hospitals without coronary artery bypass graft capability were less likely to implant CRT-D.
Key Points
Question What are the patient, clinician, and hospital characteristics associated with use of cardiac resynchronization therapy defibrillators (CRT-Ds) and what is the extent of hospital variation in CRT-D use?
Findings In this analysis from the National Cardiovascular Data Registry Implantable Cardioverter Defibrillator Registry, most eligible patients received CRT-D. However, black race and public insurance were associated with lower CRT-D use and, after accounting for these and other factors, significant hospital-level variation in CRT-D use remained.
Meaning Strategies to optimize the use of CRT-D among patients with the strongest guideline indications for clinical benefit are needed.
At the hospital level, the unadjusted median rate of CRT-D use was 89.2% (range, 0%-100%). After risk standardization that accounted for patient, implanting operator, and hospital characteristics, the median hospital risk-standardized rate of CRT-D use was 79.9% (range, 26.7%-100%; median odds ratio, 2.08; 95% CI, 1.99-2.18; Figure) .
Discussion
In a national sample of CRT-eligible patients undergoing ICD implantation, we observed a high overall rate of CRT-D use. However, CRT-D was used inconsistently, suggesting oppor- To our knowledge, the relationship between operator characteristics and CRT-D use have not been described previously. We found electrophysiology-trained implanting operators were more likely to implant CRT-D among eligible patients. The underlying reasons for this association are not known, and we cannot exclude a contribution of referral patterns to nonelectrophysiology-trained clinicians for patients who elect to undergo ICD implantation alone. Further research to understand the nature of differences in CRT-D use by clinician training may provide insights on strategies to further optimize CRT-D use.
While implantation of CRT-D devices has increased over time in the United States, 8, 9 limited data exist regarding the presence and extent of hospital-level variation of CRT-D use. A prior analysis from the Get With The Guidelines-Heart Failure program included data from patients hospitalized with heart failure, of whom a minority (4.8%) had a new CRT device implanted prior to discharge, and found rates of new CRT placement prior to discharge varied by hospital. 10 Our study from a large, national registry of patients undergoing device implantation demonstrated higher rates of CRT-D use than this prior analysis. One factor contributing to high rates of CRT-D use in our study may be our cohort included only patients receiving an ICD or CRT-D. Despite high rates of overall use, we observed broad hospital-level variation in the rate of CRT-D use, ranging from 26.7% to 100%. Although CRT-D implantation is associated with additional risk relative to ICD alone, 11, 12 the magnitude of risk is small relative to the risk associated with any device implantation. Therefore, variation in CRT-D use may be less likely to reflect variation in patient preference and more likely to reflect a treatment gap amenable to quality improvement.
Limitations
Several limitations to the current study should be acknowledged. First, the NCDR ICD Registry does not contain data on patients who were eligible for either ICD or CRT-D implantation but did not receive any device. Second, we could not account for unmeasured variables (including the rate of optimal medical therapy or patient preference) that may have influenced device choice. Third, our study may be subject to residual confounding. For example, the association between black race and CRT-D implantation may be influenced by socioeconomic status, which can also affect treatment decisions regarding cardiology devices. 13 Fourth, we were unable to account for cases in which clinical judgment regarding CRT use may have appropriately conflicted with guideline recommendations.
Conclusions
Among patients with a guideline recommendation for CRT at the time of ICD implantation, we found black patients and those with nonprivate insurance were less likely to receive CRT-D, while patients treated by higher-volume operators and electrophysiologytrained clinicians were more likely to receive CRT-D. We observed wide hospital-level variation in CRT-D use in guideline-eligible patients. Future work should address strategies to reduce disparities in the use of CRT-D and improve rates of CRT-D use at sites with low rates of CRT-D implantation in eligible patients.
